Summary: Failure of reproductive development in faba bean and quinoa exposed to drought and salt stress is a major cause of yield reduction in these crops. Seed abortion has been noticed under different instances in quinoa in the Mediterranean region and elsewhere. However, the phenomenon is not yet understood. Due to the high vulnerability of plant reproductive development to water deficit and the high demand for analyses of combinatorial effects of different abiotic stresses, we will address the effects of drought and salinity during early reproductive development. Thereby, drought and salt stress effects will be investigated independently as well as in combination. Background: Water deficit elicits various biochemical and physiological responses in plants. For example, it triggers the production of the phytohormone abscisic acid (ABA), which in turn induces stomatal closure and regulates the expression of many drought stress related genes. Molecular analyses have revealed ABAdependent as well as ABA-independent transcriptional regulatory networks (1,2). Recent microarray data from Arabidopsis and rice have shown that a large number of drought-inducible genes were also induced by high salinity and ABA, which suggests significant cross-talk or common regulatory systems between these different response pathways (1). Stomatal closure in response to drought and high salinity reduces CO2 supply for photosynthetic activity, thereby also affecting sugar metabolism (3). Reproductive development is extremely vulnerable to drought stress, mainly because it involves several processes that are highly sensitive to changes in plant water status. Early seed development is especially sensitive to drought during meiosis (pollen development) and during the first phases of seed development. Grain number decreases due to ovary abortion in maize (4) or pollen sterility in small grains (5). Salt stress experiments in Sorghum bicolor showed that NaCl treatment enhances tolerance to salinity during vegetative growth. However, salt treatment during a certain period of vegetative growth severely affected the plant´s fertility, suggesting that reproductive development is perturbed by changes occurring in the regulatory network involved in stress tolerance during vegetative growth (6). This finding also suggests that stress does not even necessarily have to occur during reproductive growth stages in order to exert its effects on plant reproduction and thus seed yield. In Vicia faba, extensive research has been done regarding seed development (7), but not under abiotic stress conditions. Sucrose deriving from source tissues is imported into the seeds during seed development. Invertase and sucrose synthase activities contribute to establish sink strength in seeds by their distinctive actions during different reproductive growth stages. In cereals and legumes the hexoses needed for embryo development are produced by sucrose cleavage catalysed by invertases (7, 8, 9) . The maize vacuolar invertase (Ivr2), located in maternal tissues has been found to be down regulated on the level of mRNA and activity during drought (4). Likewise, water deficit caused a fivefold decrease in cytosolic invertase activity in white lupin (Lupinus albus) seeds (10). Contrarily, the activities of vacuolar and cytosolic invertases were increased in Lupinus leaves (11, 12) . Taken together, this suggests a tissue-specific regulation of invertases. The comparison of two different cultivars of Phaseolus sp. showed that enhanced drought resistance might be attributed to an efficient translocation of carbohydrates into pods and seeds under restricted water supply. In addition, accumulation of imported carbohydrates as starch within the sink structures during drought was found to be more efficient in drought resistant than in sensitive cultivars, possibly also because of differences in the regulation of sucrose synthase and invertases (13). Sucrose feeding could only partially prevent ovary abortion in maize as low invertase activity within ovaries under drought stress conditions prevented sucrose utilization for starch synthesis, which led to an accumulation of sucrose within the ovaries (9). Thus, invertases might be limiting regulatory elements for grain yield during water deficit (4,9). Although changes in the expression levels of invertase or starch synthesizing genes have not been shown in profiling studies until now, analyses of invertase activity and expression indicate that these respond to carbohydrates and various plant hormones (5, 11, 12, 14, 15) . However, a detailed understanding of the mechanisms regulating invertase activity in different plant tissues is still lacking (12). ABA seems to be a key factor regarding the regulation of invertase activity. In maize leaves and roots, a strong concentration-
experiments in Sorghum bicolor showed that NaCl treatment enhances tolerance to salinity during vegetative growth. However, salt treatment during a certain period of vegetative growth severely affected the plant´s fertility, suggesting that reproductive development is perturbed by changes occurring in the regulatory network involved in stress tolerance during vegetative growth (6) . This finding also suggests that stress does not even necessarily have to occur during reproductive growth stages in order to exert its effects on plant reproduction and thus seed yield. In Vicia faba, extensive research has been done regarding seed development (7), but not under abiotic stress conditions. Sucrose deriving from source tissues is imported into the seeds during seed development. Invertase and sucrose synthase activities contribute to establish sink strength in seeds by their distinctive actions during different reproductive growth stages. In cereals and legumes the hexoses needed for embryo development are produced by sucrose cleavage catalysed by invertases (7, 8, 9) . The maize vacuolar invertase (Ivr2), located in maternal tissues has been found to be down regulated on the level of mRNA and activity during drought (4) . Likewise, water deficit caused a fivefold decrease in cytosolic invertase activity in white lupin (Lupinus albus) seeds (10) . Contrarily, the activities of vacuolar and cytosolic invertases were increased in Lupinus leaves (11, 12) . Taken together, this suggests a tissue-specific regulation of invertases. The comparison of two different cultivars of Phaseolus sp. showed that enhanced drought resistance might be attributed to an efficient translocation of carbohydrates into pods and seeds under restricted water supply. In addition, accumulation of imported carbohydrates as starch within the sink structures during drought was found to be more efficient in drought resistant than in sensitive cultivars, possibly also because of differences in the regulation of sucrose synthase and invertases (13) . Sucrose feeding could only partially prevent ovary abortion in maize as low invertase activity within ovaries under drought stress conditions prevented sucrose utilization for starch synthesis, which led to an accumulation of sucrose within the ovaries (9). Thus, invertases might be limiting regulatory elements for grain yield during water deficit (4, 9) . Although changes in the expression levels of invertase or starch synthesizing genes have not been shown in profiling studies until now, analyses of invertase activity and expression indicate that these respond to carbohydrates and various plant hormones (5, 11, 12, 14, 15) . However, a detailed understanding of the mechanisms regulating invertase activity in different plant tissues is still lacking (12) . ABA seems to be a key factor regarding the regulation of invertase activity. In maize leaves and roots, a strong concentration- (16) . In transgenic Arabidopsis plants that harbor a putative invertase inhibitor gene, application of the phytohormone ABA had an impact on the stability of the invertase inhibitor´s transcripts, which suggests that the mechanism by which ABA regulates invertase activity is by down-regulating its inhibitor (17) . Plants in general and food crops in the field usually encounter a combination of different abiotic stresses. In dry areas, crops are often subjected to a combination of drought and other stresses such as heat and salinity. There is still a great gap of knowledge with respect to the mechanisms involved in the response of plants to a combination of two or more different abiotic stresses (18) . However, for the successful development of crops with enhanced tolerance to multiple abiotic stresses, it is necessary to fill this gap of knowledge and to take into account the differences in plant acclimation mechanisms to a combination of stresses. Planned experiments: Experiments with Vicia faba and Chenopodium quinoa under controlled greenhouse conditions are planned. Plants will be exposed to drought stress, salt stress and to a combination of these two stresses whereby stress conditions are intended to reach a maximum during defined reproductive growth stages. The effects of the different stress conditions will be analysed with regard to physiological and metabolic changes. In addition, the expression of different invertase genes and invertase enzyme activity will be in the focus of analyses. The planned experiments are expected to increase our knowledge on the mechanisms of action involved in seed abortion during early reproductive development of these plants.
